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DYNAMIC DOSE CONTROL FOR COMPUTED TOMOGRAPHY 

DESCRIPTION 

The following relates to the tomographic scanning arts. It finds particular 
application in computed tomography imaging, and will be described with particular 
S reference thereto. However, it also finds appUcation in transmissive radiation-based 
tomographic scanning generally, including tomographic radiation therapy and the like. 

In transmissive radiation-based tomographic imaging, the radiation dose delivered 
to the imaging subject is of concern. In medical imaging, government regulatory agencies 
typically impose ceilings on the permissible amount of radiation exposure. For airport 
10 screening or other non-medical applications, limiting the amount of radiation exposure can 
reduce damage to radiation-sensitive items such as camera film, consumer electronics, and 
the like. 

One way to limit radiation exposure is to modulate the output of the radiation 
source (for example, the x-ray tube in typical computed tomography imaging scanners) to 

IS reduce the applied radiation intensity based on the path length through the patient. In some 
dose modulation approaches, x-ray attenuation at an angular position is compared with the 
maximum x-ray attenuation in a revolution to obtain modulated x-ray tube current at this 
angular position. These ilose modulation techniques are based on the attenuation ratio in a 
single revolution during a helical scan and achieves only axial (2D) current modulation and 

20 not suitable for conventional helical scan which produces three-dimensional image. These 
existing dose modulation techniques do not account for differences in imaging subject 
density transverse to the calibration axial slice, such as density differences in a human 
imaging subject between the head, neck, shoulder, chest, and abdominal regions. 

Some imaging procedures employ one or more planar scout scans in which the 

25 radiation source does not revolve around the imaging subject Planar scout scans do not 
provide tibree-dimensional density information suitable for calibratmg the dose modulation 
during the subsequent three-dimensional tomographic imaging. For human inoiaging 
subjects, a planar scout scan can be used in conjimction with a density model of the human 
body to estimate the three-dimensional density characteristics of the specific human 

30 subject being imaged. However, substantial errors can arise due to variations in body 
shape, weight, height, and so forth. Especially when used in conjunction with tilted angle 
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scanSy the error of the estimated average attenuation may be so large as to be unusable for 
dose nxodulation. 

The present invention contemplates improved apparatuses and methods that 
overcome the aforementioned limitations and others. 

5 

According to one aspect, a dose modulation method is provided Transmission 
tomographic imaging data of an associated imaging subject are acquired using a radiation 
source revolving around the associated imaging subject. During the tomographic imaging, 
an estixnated attenuation of radiation is determined for an upcoming position or angular bin 
10 of the revolving radiation source based on attenuations determined at previously acquired 
positions or angular bins of the radiation source. Prior to acquiring tomographic imaging 
data at the upcoming position or angular bin, a level of radiation produced by the radiation 
source is adjusted based on the estimated attenuation of radiation. 

According to another aspect, a dose modulated tomographic appsuratus is disclosed. 
15 A tomographic scanner acquires transmission tomographic imaging data of an associated 
imaging subject. The tomographic scanner includes a radiation source revolving around the 
associated imaging subject. A means is provided for determining an estimated attenuation 
of radiation for an upcoming position or angular bin of the revolving radiation source 
based on attenuations at previously measured positions or angular bins of the radiation 
20 source. A means is provided for 'adjusting a level of radiation produced by the radiation 
source based on the estimated attenuation of radiation. 

One advantage of the present invention resides in reducing patient dose. 

Another advantage of the present invention resides in dynamically optimizing 
image quality. 

25 Another advantage resides in elimination of scout scans in calibrating the 

three-dimensional dose modulation. 

Another advantage resides in supporting tilted angle scans. 

Another advantage resides in dose modulation that is specific to the subject 
presently being imaged. 

30 Yet another advantage resides in accurately accounting for variations in imaging 

subject density in both the axial and z-directions. 
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Numerous additional advantages and benefits will become apparent to those of 
ordinary skill in the art upon reading the following detailed description of the preferred 
embodiments. 

S The invention may take form in various components and arrangements of 

conq)onents, and in various process operations and arrangements of process operations. 
The drawings are only for the purpose of illustrating preferred embodiments and are not to 
be construed as limiting the invention. 

FIGURE 1 shows a tomographic imaging system employing dose modulation. 
10 FIGURE 2 diagraramatically shows determination of an estimated radiation 

attenuation value for an upcoming radiation source position or angular bin. 

FIGURE 3A plots the tomographic signal that used to modulate x-ray tube current 
versus table position for a whole-body scan starting at the head and terminating in the 
abdominal regioa. 

15 FIGURE 3B plots the dose modulated x-ray tube current versus table position for a 

whole-body scan starting at the head and terminating in the abdominal region. 

FIGURE 4 diagrammatically shows a helical radiation source trajectory with 
radiation attenuation sources identified which are suitable for use in determining an 
estimated radiation attenuation at an upcoming radiation source position or angular bin. 

20 FIGURE 5A plots dose modulated x-ray tube current versus table position for 

linear dose modulation techniques during a whole-body scan starting at the abdominal 
region and terminating in the head. 

FIGURE 5B plots dose modulated x-ray tube current versus table position for 
baseline-axial dose modulation techniques during a whole-body scan starting at the 

25 abdominal regioa and terminating in the head. 

With reference to FIGURE 1, a tomographic scanner 10 performs transmission 
tomographic imaging of an imaging subject (not shown) disposed in an imaging region 12. 
The scanner 10 includes a radiation source 14, such as an x-ray tube, disposed on a rotating 
gantry 16. As the gantry 16 rotates relative to a stationary frame 18, the radiation source 14 
30 revolves about the imaging subject disposed in the imaging region 12. Transmission 
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tomographic imaging data are acquired by detecting radiation in a detector region 20 
disposed on the opposite side of the imaging region 12 from Ihe radiation source 14. In the 
preferred embodiment, the radiation is detected by a radiation detector disposed on the 
rotating gantry 16 across the imaging region 12 from the radiation source 14. In other 
5 embodiments, an annular detector array is disposed on the stationary frame 18, and that 
portion of the annular detector array disposed across the imaging region 12 from the 
radiation source 14 during a given measurement is used for acquiring the transmission 
tomographic imaging data. 

The imaging subject is moved into the imaging region 12 on a subject or patient 

10 couch 24 or other support, ki axial imaging, the couch 24 remains stationary during 
acquisition of tomographic imaging data. Preferably, a plurality of rows of radiation 
detectors are disposed in the detector region 20, spaced along the axial or z-direction, to 
enable multi-sUce imaging in wliich a plurality of spaced apart axial slices are acquired for 
each revolution of the radiation source 14. In helical imaging, the couch moves linearly 

IS during acquisition of tomographic imaging data in a direction that is substantially 
transverse to the plane of revolution of the radiation source 14, such that the radiation 
source 14 follows a helical trajectory respective to the imaging subject Such helical 
imaging can be done with the direction of couch motion transverse to the plane of 
revolution or, in tilted helical imaging, can be done with a selected relative tilt between the 

20 direction of couch motion and the plane of revolution of the radiation source 14. Typically, 
for multi-slice or helical imaging the radiation source 14 produces a wedge-shaped, 
cone-shaped, or otherwise divergent or spread-out beam of radiation that is measured by a 
two-dimensional array of radiation detectors disposed in the detector region 20. 

The above-described computed tomography scanner 10 is an illustrative example. 

25 The methods and apparatuses for dose modulation disclosed herein are readily applied in 
conjunction with substantially any type of transmission tomographic imaging technique. 
Moreover, the methods and apparatuses for dose modulation disclosed herein are also 
adaptable for dose modulation or dose regulation in transmission radiation therapy 
techniques in which the treatment radiation source revolves around the patient during 

30 therapy. 

With continuing reference to FIGURE 1, tomographic imaging data is acquired 
while the radiation source 14 re^^olves around the imaging region 12. The tomographic data 
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is Stored in a tomographic imaging data memory 30. In some embodiments, the 
transmission tomographic imaging data is logged as detector signal values Dj given by: 

Dj="N-.log2(k.P^^J (1), 

5 

where Pdetector corresponds to the radiation intensity at the detector element, and N and k 
are system constants of data acquisition. The x-ray transmission depends both on the 
detector signal Di and the input radiation intensity produced by the radiation source 14, 
denoted herein as Psource- A tomographic signal denoted "sig" is thus suitably defined as: 

10 

Sig=-N.l0g2(k ■Pdetcctor)+N-10g2-(k-P,^) (2), 

values of which are stored in the imaging data memory 30. The imaging data are suitably 
reconstructed by a reconstruction processor 32, using for example a filtered backprojection 

IS reconstruction algorithm, to generate reconstructed images that are stored in a 
reconstmcted images memoiy 34, The reconstructed images are displayed on a monitor 38 
of a user interface 36, are electronically or magnetically stored, are transmitted over a local 
area network or the hitemet, subjected to post-acquisition image processing, or are 
otherwise utilized In some embodiments, the user interface 36 also enables the user to 

20 commimicate with a tomographic controller 40 to control operation of the computed 
tomography scanner 10. In other embodiments, different user interfaces are used for 
displaying images and for controlling the scanner 10. 

The tomographic coatroUer 40 includes a dose modulation processor 42 that 
communicates with a radiation source power supply 44 to control the radiation intensity 

25 generated by the radiation source 14 during tomographic imaging. In the illustrated 
embodiment, the radiation soizrce 14 is an x-ray tube, the power supply 44 is an x-ray tube 
power supply, and the dose ixiodulation processor 42 controls the x-ray tube filament or 
cathode current to modulate the x-ray intensity generated by the x-ray tube 14. In other 
contemplated embodiments, dose modulation is produced by shuttering the radiation beam, 

30 by modulating the electrical bias on a Wehnelt cylinder, or so forth. 

The dose modulation generally reduces the radiation intensity generated by the 
radiation source 14 when acquiring tomographic imaging data in a region exhibiting low 
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attenuation of radiation. The dose modulatioxi generally increases the radiation intensity 
generated by the radiation source 14 when acquiring tomographic imaging data in a region 
exhibiting high attenuation of radiation. More specifically, the dose is adjusted in 
accordance with the angular position of the x-ray tube around the subject. Dose 
5 modulation has advantages such as reducing the radiation exposure of the imaging subject 
and mamtaining an appropriate signal level at the radiation detector to optimize image 
quality. 

The dose modulation processor 42 adjusts the level of radiation produced by the 
radiation source 14 based on the radiation attenuation of previously acquired transmission 

10 tomographic imaging data. In this manner, the dose is varied by the longitudinal or 
z-position of the x-ray source, as well as its angular position. Toward this end, an 
attenuation processor SO determines a measured attenuation for acquired positions of the 
radiation source 14 as it revolves around the imaging subject, based on the acquired 
transmission tomographic imaging data. In general, the attenuation is defined as the 

15 radiation input intensity at the source 14 divided by the transmitted intensity measured at 
the detector region 20. The intensity at the detector region 20 is attenuated respective to the 
intensity at the radiation source 14 by absorption, scattering, or other radiation loss 
mechanisms occurring during radiation transit through the imaging region 12. Referring 
back to Equation (2), dividing both sides by the number of measurements per revolution 

20 (N) of the radiation source and using the mathematical identity log(x/y)=log(x)-log(y) 
yields: 



25 



30 
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= logj 
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(3). 
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detector 



sig/ 

= 2 



(4), 



where Aj is the measured attenuation at a position indexed "i", or a processed result of 
attenuations at an angularly contiguous bin of several positions of the radiation source 14 
collectively indexed "i". The attenuation values for each acquired position of the radiation 
source 14 are stored in an attenuations data memory 52 as the imaging scan progresses. 
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Equation (4) relates the attenuation Aj to the example measured transmission 
tomographic signal "sig" stored in the toiaographic imaging data memory 30. In other 
tomographic scanners, the measured transmission tomographic imaging data may be stored 
in a format other than that expressed in Equation (2). Those skilled in the art can readily 
5 derive expressions analogous to Equation (4) for determining the attenuation Ai from 
measured transmission tomographic imaging data .stored in other formats. 

The current response of x-ray tube is usually slow, thus the attenuation Ai that used 
to modulate tube current may be a processed result of attenuations at an angularly 
contiguous bin of several positions of radiation source 14 collectively indexed "i". 

10 Moreover, it will be appreciated that in the case of a cone beam or other radiation beam 
irradiating a two-dimensional multi-row detector disposed at the detector region 20, the 
attenuation Ai is preferably computed from the detector row that is near the leading edge 
towards the scan direction as a maximum attenuation or other statistical characteristic 
attenuation value. In another embodiment ttie attenuation Ai is calculated as a maximum 

15 after smoothing attenuations taken over tkie detector elements of the two-dimensional 
detector array with the radiation source 14 at the position indexed "i". Such smoothing or 
the like is further optionally weighted to emphasize detector elements near the most 
attenuated area of the detector array in determining the attenuations that are used to 
compute tube currents. 

20 The dose modulation proceeds as follows. For each iq>coming position of the 

radiation detector 14 at which transmission tomographic ims^g data will be acquired, an 
estimate is made of the attenuation of radiation that v^il be encountered at that iqicoming 
position. This estimate is made based orL attenuation values of previously measured 
positions of the radiation source 14 which are stored in the attenuations data memory 52. 

25 With reference to FIGURE 2, one suitable approach for estimating the attenuation 

of radiation is described. FIGURE 2 depicts a trajectory 60 of one revolution of the 
radiation source 14 around the region of interest 12. A center of the region of interest 12 is 
indicated by crosshairs 62. In the illustrated trajectory 60, the radiation source 14 moves in 
the direction indicated by arrow 64. Transmission tomographic imagiag data are acquired 

30 at selected positions of the radiation source 14 along the trajectory 60. In FIGURE 2, 
positions at which transmission tomographic imaging data have already been acquired are 
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indicated by filled circles 70, while positions at which transmission tomographic imaging 
data are yet to be acquired are mdicated by open circles 72. 

For illustrative purposes, about fifty positions 70, 72 per revolution are illustrated 
in FIGURE 2. However, it is to be understood that tomographic imaging scanners typically 
5 acquire tomographic imaging data at hundreds or thousands of angular positions of the 
radiation source per revolution of the radiation source. For example, the scans shown 
herein in FIGURES 3 and 5 employed tomographic imaging data acquisitions at 1160 
angular positions per revolution, which for a typical gantry rotation rate of 120 revolutions 
per minute corresponds to one acquisition position every 0.43 milUseconds However, the 
10 modulated tube current calculation is at lower rate because the current response of x-ray 
tube is much slower. 

Accordingly, in some embodiments the positions 70, 72 for dose modulation have a 
lower angular resolution than the acquisition positions. For example, the positions 70, 72 
may represent angular bins each containing a plurality^ of tomographic data acquisition 

15 positions. An estimated attenuation and x-ray current is determined for each angular bin 
and is employed all the acquisition positions in that hvn. In some embodiments, angular 
bins each spanning three degrees are used; however, the angular span of each angular bin is 
generally selected based on the data processing speed, x-ray tube response, gantry rotation • 
rate, and other factors. An attenuation for an upcoming bin is estimated based on the 

20 attenuation values measured for one or more of the acquisition positions within a 
previously acquired bin, for example the bin located a half-revolution before the upcoming 
bin. Alternately, the attenuation £rom the same bin but one revolution preceding can be 
used. A modulated x-ray tube current is computed for that estimated attenuation and is 
used for all the measurement positions contained within, the upcoming bin. The estimated 

25 attenuation can be, for example, an attenuation of a central acquisition position within the 
bin, or can be an average, maximum, or other statistical characteristic attenuation averaged 
over all the acquisitions positions contained within the previously measured bin. The 
positions 70, 72 of the radiation source refer to either tomographic data acquisition 
positions or, in a binned dose modulation approach, to angularly contiguous bins each 

30 containing a plurality of tomographic data acquisition positions having a conmion dose 
modulation level. 
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For expository purposes, a position or angular bin 72i of the radiation source 14 is 
identified in FIGURE 2. The position or bin 72i is xipcoming for acquisition of 
transmission tomographic imaging data. The attenuation of radiation for data acquisition at 
upcoming position 72i is in this approach suitably estimated based on the attenuation of 
5 radiation obtained from a previously acquhed position or bin located about a half-rotation 
away from the upcoming position or bin 72i. This previously acquired position or bin is 
identified as 70i in FIGURE 2. Because this previously acquired position 70i is about 1 80° 
away from the upcoming position 72i, the radial direction of the transmission path for 
position 70i is about parallel to the transmission path for position 72i. In the case of helical 

10 computed tomography, the radiation paths of the positions 70i, 72i are offset by about 
one-half of the helical pitch. For small or modest heUcal pitches, attenuation at the 
previously acquired 180° opposite position or bin 70i generally provides a good estimate 
of the attenuation that will be encountered when acquiring tomographic imaging data at the 
upcoming position or bin 72i . 

15 To perform the dose modulation at the position 72i, the estimated attenuation Ai at 

the position 72i is estimated as the attenuation at the previously acquired position 70i, 
which is recalled from the attenuations data memory 52. Tins estimated attenuation Aj is 
used to determine an appropriate level of radiation output from the radiation source 14 for 
use in acquiring transmission tomographic imaging data at the upcoming position 72i. In 

20 general, a larger attenuation Aj calls for a higher level of radiation ou^ut from the 
radiation source 14. In embodiments in which the radiation source 14 is an x-ray tube, the 
radiation output is suitably controlled by modulating the x-ray tube current, denoted li 
herein for the position or angular bin indexed "i", that is, for the upcoming position 72i in 
the illustrated example. In one approach, the x-ray current is adjusted based upon the 

25 estimated attenuation Ai raised to a selected power factor a: 



(5). 



In some embodiinents, a value of oc=0.5 corresponding to a square-root relationship: 



30 




(6) 
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is used- This value of a has been found to be suitable for two-dimensional axial dose 
modulation in some x-ray tomographic systems {see, e.g., Gies et al., Med. Phys. 26(11), 
pp. 2235-47 (1999)) and provides an optimized current naodulation. However, in many 
cases the power of the x-ray tube and the response of the tube current limit the amplitude 
5 of the current modulation and cannot support larger a More generally, the power factor a 
should be between about 0.1 and about 0.5 depending upon the scanner system and 
applications. 

In one approach for detenninmg x-ray tube currents, a imit current lunit that 
corresponds to a selected image noise level or image quaUty of the first revolution of the 

10 scan is calculated. During the initial revolution the x-ray tute current is held constant at a 
nominal value Inom that is determined by the scan protocol or selected by the clinician to 
ensure a satisfactory image quality. An average attenuation raised to the a power for this 
first revolution of the radiation source is denoted |A**|initiai where H denotes an average, 
mean, or other statistical characteristic attenuation computed over the initial revolution. A 

15 maximum attenuation raised to the power a in the first revohition is designated 
max {A"} initial. An optimized mean x-ray tube current for the initial revolution, denoted 
|I|initiai, is given as: 



20 



I = 



lU<wv 



Jinitial 



The current proportionality factor lunit is then determined as: 



I 



initial ^_nom 



25 Using the determined unit current lunit, the proportionaUty E<iuation (5) can be rewritten as 
an equality: 

Il=I«ni. (Air (9), 
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where Ai is the estimated attenuation for the position or angular bin indexed "i". 
Optionally, clamping or limiting values for the x-ray tube current are also defined. For 
example, a maximum current Ihigh can be given by: 

Ihigh =min{1.3 .1^ ,500 mA} (10), 
and a minimum current Iiow can be given by: 

Ij,, = max{0.3 . , 50 mA} (11). 

Equations (5)-(ll) are suitable for dose modulation perfonaed through modulation 
of an x-ray tube current. Preferably, the change in x-ray tube current is made sUghtly in 
advance of the tube reaching the position in question to account fox thermal inertia of the 
filament, generator RC time constant, and so on. The change in filament temperature is not 
instantaneous with filament current change. Rather, a short period of time is needed to 
heat or cool the filament. The exact timing is determined by the x-ray tube and generator 
characteristics, and the rotation speed. In other embodiments, othex mechanisms for dose 
modulation may be used. For example, a shutter can be oscillated to block the radiation 
beam during a portion of the time. In this case, the duty cycle of the shuttered beam 
determines the effective or average radiation source power Psource. In this case, a suitable 
relationship can be determined between duty cycle and attenuation Aj to provide the 
desired correspondence between the effective or average radiation source power Psouree and 
the attenuation Aj. 

With reference to FIGURE 3A, results for a whole-body helical tomographic scan 
are illustrated. The top graph of FIGURE 3 A plots the tomographic signal "sig" given in 
Equation (2) plotted against position of the table 24. The table position corresponds to a 
linear coordmate in the z-direction. The "sig" data is readily converted to attenuation data 
through Equation (4). The "sig" plot is generally periodic, with the distance between each 
pair of adjacent peaks corresponding to a one-half revolution of ttie radiation source 14. 
This periodicity results fi-om the variations in human body density a.s a fimction of angular 
position of the radiation source 14. The "sig" plot further exhibits a lower fi-equency 
variation along the z-direction due to variations in human body deosity in the z-direction. 
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In this regard, regions of the body including the "Head-harm", "Neck+arm", "Shoulder", 
"Chest", and "Abdomen" are labeled on the "sig" plot. Tlie neck region, in particular, is 
seen to have lower average "sig" (and correspondingly lewder average radiation attenuation) 
as compared with the other regions. The half-revolution periodicity of the "sig" data (and, 
5 correspondingly, of the attenuation) coupled with the generally low frequency variation in 
density in the z-direction justifies estimating the attenuation for an upcoming position or 
angular bin based on an attenuation determined fi*om tomographic imaging data previously 
acquired at a position or bin about 180° away. 

The bottom graph of FIGURE 3B plots the dose-modulated x-ray tube current 

10 against table position for the whole-body helical scan. The dose modulation was performed 
using the linear method of Equations (4) and (7)-(l 1), where Inom was selected to be 
240 milliamperes and a=0.2. The dose modulation was performed using position bins each 
spanning three angular degrees of revolution of the radiation source 14. In an initial region 
76, the initial calibration revolution of the radiation source was performed, during which 

15 the x-ray tube current was maintained constant at Inom=240 milliamperes. The remainder is 
dose modulated based on the calibrated values, and is se&n to closely track both the high 
frequency (that is, half-revolution periodicity) and low fiecjuency componoats of the "sig" 
plot. 

With returning reference to FIGURE 1 and fiirttier reference to FIGURE 4, in 

4 

20 helical tomographic imaging the table 24 moves simultaneously with revolving of the 
radiation source 14, producing a helical trajectory 80. ha FIGURE 4, arrows along the 
trajectory 80 indicate the direction in which the radiatioo source 14 moves. The heUcal 
trajectory 80 has a helical pitch, labeled "P" in FIGURE 4. The pitch "P" has a length of 
about the distance traveled by the table 24 during one revolution of the radiation source 14. 

25 (For tilted gantry helical tomographic imaging, the eflfectiv^e pitch may be slightly affected 
by the relative tilt between the plane of revolution of the radiation source and the direction 
of table motion). 

In FIGURE 4, an upcoming radiation source position or angular bin 82 which is 
about to be acquired is indicated by an open circle, A pre^ously acquired position or bin 
30 84 located a half-revolution away from the upcoming position or bin 82 is indicated by a 
filled circle. In addition to being angularly separated by a 180° half-rotation of the 
radiation source 14, the positions or bins 82, 84 are separated along the z-direction by a 
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distance of one-half of the pitch "P". Because of the typically low frequency modulation of 
imaging subject density along the z-direction, however, this small z-direction separation 
due to the pitch typically corresponds to a small ctiange in attenuation, and so the 
attenuation determined from the tomographic imaging data acquired at the position or bin 
5 82 is a suitable estimate of the attenuation which is expected to be encountered when 
acquiring tomographic imaging data at the upcoming position or bin 84. (It is to be 
appreciated that the helical trajectory 80 shown in FIGURE 4 is diagranamatic, and is 
stretched out in the z-direction to illustrate features including the pitch "P" and the 
separation of the positions or bins 82, 84 along the z-direction. Typically, the helical pitch 

10 "P" has a length of a few centimeters or less, while the span between the radiation source 
14 and the detector region 20 is usually more than 100 centimeters across). 

With continuing reference to FIGURE 4, another approach for determining an 
estimated attenuation of radiation at the upcoming radiation source position or angular bin 
82 is described. In this approach, the modulated x-ray tube current li includes a baseline 

15 contribution and an axial contribution. The baseline contribution is determined from an 
average or other statistical characteristic baseline attenuation encountered over an extended 
angular range of measurement For example, in FIGURE 4, the baseline tube current is 
determined from attenuation averaged over a full revolution 90 (indicated by a thicker 
curve in FIGURE 4) of the radiation source 14 acquired prior to the tomographic data 

20 acquisition at the upcoming position or bin 84. This attenuation averaged over the 
revolution 90 approximately corresponds to an average attenuation encountered when 
acquiring imaging data from a cylindrical portion 92 of the imaging region 12. In some 
embodiments, the baseline tube current contribution Ii,baseHne is computed as: 



where |(Ai)"| is the attenuation raised the a power averaged over the revolution 90, ll|initiai is 
set forth in Equation (7), and |(Ai)"|initiai is the attenuation raised to the a power averaged 
over the first revolution. 

In some embodiments, the axial contribution to tlae modulated tube current, denoted 
30 herein as li^axiai, is computed from an estimated attenuation Ai determined from 
tomographic imaging data previously acquired at the previous position or bin 84 a 



25 




(12), 
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half-rotation away from the upcommg position or bin 82. For example, the axial 
contribution Ii,axiai is in some embodiments suitably given by: 



The total x-ray tube current li is computed as the sum of Equations (12) and (13). 
Optionally, the total current li is limited or clamped by suitable limits such as the Ihigh and 
Iiow limits set forth in Equations (10) and (11), respectively. In the dose modulation method 
of Equations (12) and (13), the baseline contribution Ii,baseiinc tracks the typically low 
frequency attenuation component corresponding to gradual v^ariation of imaging subject 
density along the z-direction, while the axial contribution Ii.axiai tracks the typically higher 
frequency attenuation component due to the half-rotation periodicity mtroduced by 
revolving of the radiation source 14. 

With reference to FIGURES 5A and SB, dose modalation using the method of 
Equations (7)-(9), shown in FIGURE 5A, is compared with dose modulation using the 
method of Equations (12) and (13), shown in FIGURE SB. These plots show dose 
modulated x-ray tube current versus table position for helical scans of a human body 
starting in the abdominal region and terminating at the head. In both scans, the nominal 
current Inom for the first calibration rotation was 300 millianxperes. Both the linear dose 
modulation of Equations (7)-(9) (upper graph) and the baselioe-axial dose modulation of 
Equations (12) and (13) employed a=0.2. Comparison of the two dose modulation plots 
show that the two methods produce substantially similar dose inodulation results. 

The invention has been described with reference to the preferred embodiments. 
Obviously, modifications and alterations will occur to others upon reading and 
understanding the preceding detailed description. It is intended that the invention be 
construed as including all such modifications and alterations insofar as they come within 
the scope of the appended claims or the equivalents thereof. 
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